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and  the  provision  of  means  and  methods  for  making  measurements  consistent  with 
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PLANNING  OF  VHF  AND  UHF  BROADCASTING  SERVICES 

by 

K.  H.  Kappelhoff 


Summary 

Measurements  of  the  horizontally  and  vertic¬ 
ally  polarized  field  components  of  VHF  transmis¬ 
sions  were  performed  within  the  urban  areas  of 
Muenster  (Westphalia)  and  Hamburg,  and  the  spa¬ 
tial  distribution  of  the  ratio  of  the  field  components 
determined. 


Vertically  and  horizontally  polarized  fields  obtain  cross-polar¬ 
ized  components  by  reflections.  The  relative  intensity  of  these  com¬ 
ponents  depends  on  the  number,  size,  shape,  and  composition  of  the 
reflecting  obstacles.  For  instance,  for  vertically  polarized  trans¬ 
missions,  the  ratio  of  the  vertically  polarized  to  the  horizontally 
polarized  measured  field  component  is  infinite  over  absolutely  flat 
terrain;  however,  this  ratio  may  become  less  than  unity  if  measured 
in  the  narrow  canyons  of  a  large  city.  In  order  to  obtain  estimates 
of  the  spatial  distribution  of  this  ratio,  two  series  of  measurements 
were  performed  during  which  the  received  field  strength  was  meas¬ 
ured  simultaneously  on  the  same  spot  with  a  vertical  and  a  horizon¬ 
tal  antenna.  The  results  were  evaluated  by  use  of  statistical  analysis. 

1.  Measurements  in  Muenster 

Muenster  (Westphalia)  is  a  city  of  about  130,  000  inhabitants 
located  on  level  terrain  and  built  up  in  a  relatively  regular  manner, 
but  not  too  densely  for  a  city  of  its  size.  For  all  practical  purposes, 


all  industry  is  concentrated  in  one  particular  section. 

The  field  strength  from  transmissions  of  the  Langenberg  tele¬ 
vision  station  (picture  carrier  on  203  Me,  horizontal  polarization, 
slot  antenna)  at  about  80  kilometers  distance  was  measured  at  220 
locations  by  means  of  a  portable  field  intensity  meter.  The  220 
locations  were  evenly  distributed  over  the  urban  area.  The  prop¬ 
agation  path  extends  over  slightly  hilly  terrain  in  the  vicinity  of  the 
transmitter  (maximum  elevation  about  100  meters)  then  traverses 
the  Ruhr  industrial  region,  and  reaches  level  terrain  about  60  meters 
above  mean  sea  level  at  40  kilometers  from  the  transmitter. 

For  evaluation  of  the  measurements,  the  urban  area  was  divided 
into  four  zones  as  follows: 

Zone  a:  City  center  built  up  relatively  dense  with  high  build¬ 
ings 

Zone  b:  Somewhat  less  densely  built  up  suburban  area  located 
in  the  direction  toward  the  transmitter. 

Zone  c:  Similar  suburban  areas  at  right  angles  of  the  city 
center  relative  to  the  direction  of  the  transmitter. 

Zone  d:  Similar  suburban  area  located  beyond  the  city  center 
as  seen  from  the  transmitter. 

Fig.  1  shows  the  four  zones  and  the  distribution  of  the  measuring 
locations.  The  lighter  hatching  in  the  suburban  areas  indicates  more 
space  between  buildings  in  these  parts  of  the  city,  than  for  the  city 
center. 

Horizontal  and  vertical  components  of  field  strength  (F^  and  Fv) 
was  measured  on  building  roofs  at  150  locations  (1  to  1.5  meters 
above  the  roof)  and  at  70  locations  2.  5  to  3  meters  above  ground. 

Fig.  2  shows  the  cumulative  distribxition  of  antenna  heights  above 
ground  for  the  roof  measurements.  This  figure  constitutes  an 
example  of  the  distribution  of  urban  building  heights,  and  will  be 
used  as  a  basis  for  comparison  of  structures  and  building  character- 
istics,  if  subsequent  measurements  in  other  towns  are  to  be  studied. 

The  median  field  strength  of  the  roof  measurements  using  a 
horizontal  antenna  was  56  db  above  1  microvolt/meter  with  a  5  -  95^ 
range  of  6.8  db.  For  the  ground  measurements,  the  corresponding 
figures  are  52  and  3.  2  db.  The  median  values  of  field  strength  are 
practically  the  same  for  zones  a,  c  and  d,  but  2  db  greater  for  zone  b. 
The  range  is  0.  5  db  less  in  zones  b  and  c  than  in  zone  a,  but  0.  5  db 
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greater  in  zone  d  than  in  zone  a. 

Fig.  3  shows  the  distribution  of  field  strength  ratios  F^/p  for 
the  entire  urban  area.  Thus  the  horizontal  coinponent  exceeds  tYie 
vertical  component  by  17.  2  db  (median  ratio)  for  the  roof  measure¬ 
ments;  the  corresponding  figure  for  the  ground  measurements  is  only 
13.  5  db.  For  10^  of  all  locations  the  figure  of  27.  6  db  for  the  roof 
measurements  and  21  db  for  the  ground  measurements  may  be  exce¬ 
eded.  At  3  meters  above  ground  the  vertical  component  may  be  equal 
to,  or  exceed  the  horizontal  component  for  \<j0  of  all  locations. 

Detailed  analysis  for  the  four  zones  results  in  similar  relations 
as  shown  by  the  field  strength  values  above.  The  medians  differ  by 
very  little,  and  the  range  is  somewhat  lower  in  zone  b,  and  somewhat 
higher  in  zone  d  than  in  zone  a. 

2.  Measurements  in  Hamburg 

The  transmitter  was  located  on  top  of  the  air  raid  shelter 
"Heiligengeistfeld"  in  the  center  of  the  metropolis  of  Hamburg, 
which  is  also  located  on  level  terrain.  A  half-wave  vertical  dipole 
was  used  as  a  transmitting  antenna  on  60  Me.  Field  strength  measur¬ 
ements  were  made  on  the  city  streets  along  four  routes  extending 
radially  from  the  transmitter  location.  Receiving  antennas  were  2.  3 
meters  above  ground;  for  vertical  polarization  a  coaxial  half-wave 
dipole  was  used,  and  for  horizontal  polarization  a  half-wave  turnstile. 

Fig.  4  shows  the  averaged  measured  field  strength  versus 
distance  along  one  of  the  radials.  From  these  graphs,  the  values  of 
field  strength  at  regular  intervals  are  determined,  and  serve  as  a 
basis  for  statistical  analysis.  Fig.  5  shows  the  resultant  distribution 
of  field  strength  ratios  Fvy  ^  .  The  curves  are  similar  to  the  ones 
obtained  from  the  Muenster  nfeasurements  (see  Fig.  3).  The  median 
corresponding  to  the  city  center  is  approximately  the  same  as  the 
one  corresponding  to  the  suburb;  however,  the  range  is  greater  for 
the  suburb.  As  the  transmitter  (for  Hamburg)  is  located  in  the  center 
of  town,  the  Hamburg  suburbs  correspond  to  the  Muenster  zone  d. 

Again,  the  horizontal  component  of  field  strength  may  exceed 
the  vertical  component  for  approximately  1^  of  all  locations.  The 
median  ratio  of  the  vertical  component  to  the  horizontal  component  as 
measured  in  the  streets  of  Hamburg  is  9.  7  db;  for  10°£  of  the  locations 
the  ratio  of  15  db  or  more.  Therefore,  median  and  range  of  the  ratio 
F  /p  is  lower  than  observed  for  Muenster.  This  is  to  be  expected 
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from  the  different  structure  of  the  two  cities. 


The  results  shown  above  are  only  preliminary.  The  problem 
will  finally  be  solved  only  when  a  large  number  of  similar  measure- 
ments  on  various  frequencies  in  towns  of  all  sizes  will  have  been 
performed. 
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Fig.  1  Zones  and  distribution  of  measuring  points  within  Muenster  (Westphalia) 


Fig.  2.  Cumulative  distribution  of  roof  elevations  for  Muenster  (Westphalia) 
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Fig.  3 


Cumulative  distribution  of  the  ratio  Fh  ,  for  Muenster  (Westphalia) 
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[easurements  of  field  strength  versus  distance  within  the  Hamburg 
rban  area,  radial  1,  vertical  polarization 

-  receiving  antenna  vertical 

- receiving  antenna  horizontal 

-  inverse  square  distance  dependence 


Fig.  5  Cumulative  distribution  of  the  ratio  Fv^p  for  Hamburg 

-  within  the  city  center  ^ 

- within  the  suburbs 

- within  extensive  war -damaged  areas 
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Electricity  and  Electronics.  Resistance  and  Reactance.  Electron  Tubes.  Electrical  Instruments. 
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Mechanics.  Sound.  Mechanical  Instruments.  Fluid  Mechanics.  Engineering  Mechanics. 
Mass  and  Scale.  Capacity,  Density,  and  Fluid  Meters.  Combustion  Controls. 

Organic  and  Fibrous  Materials.  Rubber.  Textiles.  Paper.  Leather.  Testing  and  Specifica¬ 
tions.  Polymer  Structure.  Organic  Plastics.  Dental  Research. 

Metallurgy.  Thermal  Metallurgy.  Chemical  Metallurgy.  Mechanical  Metallurgy.  Corrosion. 
Metal  Physics. 

Mineral  Products.  Engineering  Ceramics.  Glass.  Refractories.  Enameled  Metals.  Concreting 
Materials.  Constitution  and  Microstructure. 

Building  Technology.  Structural  Engineering.  Fire  Protection.  Air  Conditioning.  Heating,  and 
Refrigeration.  Floor,  Roof,  and  Wall  Coverings.  Codes  and  Specifications.  Heat  Transfer. 
Applied  Mathematics.  Numerical  Analysis.  Computation.  Statistical  Engineering.  Mathemat¬ 
ical  Physics. 

Data  Processing  Systems.  SEAC  Engineering  Group.  Components  and  Techniques.  Digital 
Circuitry.  Digital  Systems.  Analogue  Systems.  Application  Engineering. 
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Cryogenic  Engineering.  Cryogenic  Equipment.  Cryogenic  Processes.  Properties  of  Materials. 
Gas  Liquefaction. 

Radio  Propagation  Physics.  Upper  Atmosphere  Research.  Ionospheric  Research.  Regular 
Propagation  Services.  Sun-Earth  Relationships. 
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Systems  Application  Engineering. 
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quency  Impedance  Standards.  Calibration  Center.  Microwave  Physics.  Microwave  Circuit 
Standards. 
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